The wave function describing two-component Bose-Einstein condensate with weakly excitations has been found, by using the SO(3,2) algebraic mean-field approximation. We show that the two-component modified BEC (see eq. (26)) possesses uniquely super-Poissonian distribution in a fixed magnetic field along z-direction. The distribution will be uncertain, if B = 0.
Introduction
where g n , g s are coupling constants and g µ is the gyromagnetic ratio. Expanding n(x) and S(x) in terms of the field operators, eq. (1) being the harmonic-oscillator wave functions. a osc = (h M ω ) 1 2 is the harmonic oscillator length, further assume that the bosons are in their ground state with respect to the z-axis, it is recast eq.(2) to the second quantized form [14] 
where
The number operators n 
The Bogoliubov prescription is that at zero temperature the state with k = 0 is macroscopically occupied and this observation allows one to treat a 
We now define the generators of the algebra SO(3, 2) in the following forms
and
which generate a SO(3, 2) algebra with the generators satisfying the following rela-
and otherwise vanishes.
Moreover, introducing order-parameter operators
and conserved quantity
that obey the commutation relations
Therefore, we can rewrite H in terms of the generators of the algebra SO(3, 2) and its order parameter operators as follows:
Noting that the the algebraic mean-field procedure is a good approximation to describe condensate and using [12] AB ≃ A B + A B − A B
The Hamiltonian becomes
with
+ .
Note that the H q (q = 0, k, −k) is written in terms of SO(3, 2) generators and its order parameter operators for a given k. It is known that within the SO(3, 2) meanfield picture the energy eigenstates are expressed as a direct product of SO(3, 2) coherent states ⊗ q |ξ q . Therefore the eigenstates |ξ can be written as
with the coherent parameter ξ q = r k e iΨq and |00 is the vacuum state. Using the relations given in Appendix A, we immediately have
where f 1 (q), · · ·, f 10 (q) are given Appendix B. Denoting σ q = |σ q |e −i(Ψq−Φq) , ρ q = |ρ q |e −i(Ψq+Φq) , τ q = |τ q |e −iΨq , and γ q = |γ q |e iΦq , and setting f 3 (q) = f 4 (q) = f 5 (q) = f 6 (q) = f 7 (q) = f 8 (q) = 0, we diagonalized the Hamiltonian H q as follows:
(1). When B = 0 by direct calculation we find the conditions to have
It indicates that in the condensate state of the system there is not Zeeman effect, however the excitation states produce Zeeman effect at k and −k.
(2). When B = 0 we obtain
3 Super-Poissonian distribution and correlation functions for the two-component BEC
The sub-Poissonian photon statistics of light is one of the best known nonclassical effects. With the rapid development of atom optics, especially nonclassical motional states of atoms have been generated in experiments, it is of somewhat importance to investigate nonclassical effects of atoms. We here discuss the sub-Poissonian distribution of two-component BEC. Following Mandel [15] the Q parameters for two-component BEC is introduced:
The sub-Poissonian atom statistics exists whenever 
ab (0) = 1 for uncorrelated states; g
ab (0) > 1 for correlated states and g (2) ab (0) < 1 for anticorrelated states. For a system consisting of two-component BEC, there is the Cauchy-Schwartz inequality (CSI) [16] [g (2) 
Reid and Walls [17] showed that violations of the CSI can be accompanied by the violations of Bell's inequality. If the inequality (18) is violated, the correlations between two components are called nonclassical correlations which can be characterized by
which is negative if the inequality (18)is violated. For the states | ξ given in eq(16), the correlation functions g
a (0) = g
b (0) = 2 and g
ab (0) = 1 + coth 2 r 0 cos 2 Θ 0 , that do not agree with the experimental results, which seem to indicate that g (2) (0) are not exactly equal to 1, slightly larger than 1. It is easy to show that g These considerations motivate our attempt to generalize |ξ to |ξ, z a , z b ,
by introducing the further definitions 
For convenience, we refer to the state |ξ, z a , z b as a DW state, the DW operator being similar to, but not identical with, what produces a squeezed state in quantum optics.
We obtain the following mean values in the DW state:
b (0) and g (2) ab (0) for the DW state are
ab (0) = 1 + |z
Parelleling to the above section we also distinguish two cases:
(1). If B = 0 then sin Θ 0 may take arbitrary value, therefore the above relations eq. (23)- (25) are unchanged. According to the above relations eq. (23)- (25) we conclude that the distribution of the the two-component BEC is uncertain. 
ab (0) = 1 +
From eq.(26) and eq.(27) it immediately follows that 1 < g (2) a(b) (0) < 2 and Q a(b) (0) > 0. It indicates that the two-component BEC obey super-Poissonian distribution. However, the properties of g (2) ab (0) and I(0) depend on the value of cos (Ψ 0 − 2δ 0 ).
Conclusion
In this paper we have diagonalized the system of a two-component BEC base on the SO(3, 2) spectrum-generating algebra structure for the mean field Hamiltonian and shown that the eigenstate is related to SO(3, 2)-coherent state. Also we find that a two-component BEC associated with DW state satisfy uniquely super-Poissonian distribution in the fixed magnetic field along the z-direction, but as the magnetic field disappears the distribution wil become uncertain. Therefore the DW state will provide better fits to the experimental results on the correlation function associated with the BEC state. ACKNOWLEDGMENT This work was partially supported by the National Natural Science Foundation of China. 
